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MU.,TILIOATION AND VIRULENCE OF SMTIC.IO
AND BLOOD PATHOGENS IN UIE ORGANISM OF IN-

FECTED AN1"'ALS AND IN THEIR CARCASSES:

REPORT VI. SIUDY OF A MODEL OF EXPLRI-
= TAL INOCULATIONS W=KX Listeia mono-

rt oene

Izvestiys na Miorobol - Al. ToShkoT, D. Ye]anov
Igches_1ya inetitut n and Iv, Ksloyanov

N=ute bulletln of the
"iiitilte of Miorobiology
of the Bulgarian Aoadeny
of Solenoes), Vol. 17,1965, pegeo 135-141.

The results of our research on the mu ltiplication and
veralence of certain septiceaic and blood petirgens were re-
ported in a ceries of preceding articles (1, 2, 3P 4, 5). The
r-Eiults of our resfiarch on the multiplication and changes in
the virulence of Listeria monocytoeenes, set forth in the
present article, are a direct ollow-up oZ 'these.

Listeria monoc _yLtoenes Is of interest as an object of
study in the sense of our preceding research not only from the
viewpoint of epidemiology and opizootiology, but also from the
viewpoint of the doctrine of a natural focus of infectious dis-
eases,

An Is known, List, monooytogeno8 is pethogenlc not only
for man bat eleo "r a large nuber or domestic and wild ani-
mals. Am a result, it must be emphasized, the oannibalism
widely prevalent among the rodents and oarnivores living In
freedom in nature represents a sig ifloantly important link
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in the epizootiology and natural focus of listeriosis. This
being the case, any poatrortal multiplication and riae in the
virulence of Liut monooytogenes would oonstitute an excep-
tionally importunt condition assuring the ready reinfection of
wild animals in nature.

aterials and Methods

We worked aocording to the technique described in some
of the preoedine articles (2, 4], using the guinea pig as ex-
perimental animal. The guinea pigs, each inoculated intra-
peritoneally with 1 ml of 24-hour broth culture of List, mono-
oytogenes, died on the 4th-5th day.

We made the determination of the virulenoe of cultures,
isolated at varying periods after death from the heart's blood
Of the experimental animals, on white mice as in the preoeding
works [1, 2, 3, 4, 0].

Three groups of experiments were conducted: Group I --

the oarcasses of six guinea pigs that died after experimental
inoculation, kept at a temperature of Z8 C; Group II -- car-
casses of fi7e guinna pigs, kept at a temperature of 160 C;
and Group III -- caroasees of six gulnee pigs, kept in the re-
frigerator at a temperature from 0 to 40 C.

Results and Discussion

Table 1 gives the average results of the first &roup of
experiments. Fr om the data It can be seen that at the moment
of death and at the 5th and 9th hour thereafter no Listeria
are discovered at all despite 9001 magnification ofh field
of view. At the 24th hour I or 2 bacteria are aeoertainad
across each of several fields, while in the preparations made
36 and 48 hours aftawards no Listeria are discovered.

Thoee data show that the baoteriemic titer of List
monootogenes in the guinea pig before death is not h'
enoug for the antibacterial properties of th6 blood to be
oeercome, end for this reason no postmortal multiplication of
Listeris is observed in contrast to what was observed in the
case o a number of pathogens IA cur preceding works (1, 2,
3, 4:1.

The mioroscopic' findings in the liver and spleen at the
moment of death show from 0 to 1-2 Listeria across a few
fields, I. e. the find ingt Pre abouT EesMame an in the blood,
Thereafter the number of baoteria inoreases ten-fold, to read
100-160 baoteria on the field of view at the .40th hour. It

£
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merits mention that List, monocyto~enea shows a definite
tendency to multiply in ndi of ZO-D0 bacteria or more,

Table I.

RATE AND EXPERT CIF POSTMCRTAL MUIPLICATION OF
Listeris monoo olnes AT 280 0 N THE BASIS OF

1171MIMS IN CKCASSES OF SIX GUINEA PIGS

i A. K.. . .'c.-" I D Dst
1(pCo ms A.tf ep (6pQA mA .c tpw C I,.. N 9PKYSAMO (fPOA K# A SfpMWT6 NO S MTAM*

- As spwlz.5o.qlPS noft,

1 ua or V n 1-2 ma HISoAko no-C bep'l - -- . 1-2 -- aeawoq~

Sq. - o, 1-2 AD *ecet.An or 4-5 Ao aecem ,sa H2 noRe
3 9 - 10 10 AO 20 or 0 A- FeI3A 0r 20-256a,,

TePOIN npe3 1-2 none

4 24 q. no 1-2 ma ti-o 5--6 AD .7-30 Ha noe. o, 15-20 Ao 40--50
KO^O MA- 1Tyk-tm rue~ta Or no 25-301

S36 . - o.°- 4--3 ,o 5o--0 10-15 (1 HiKOM nuoeflp8m H
rneSwa no n"eAece"ma npes/ 1~2-4 noms )

6 48 4. - or 10-12 &o 100-150 maota
,C H 0 OTACAHK M rftSUeA

,

OT no HgkOAKO jeCeTrn A0 CTo

Keys (by columns):
A. Time after death

1. Mcrent of death 4. 24 Louar

. hours b. Z6 nours
3. 9 horea 6. 48 hours

B. Blood from heart (nmber of Listeria in visual field)
4. 1-2 on several fields

0. Liver
2. 1-2 to 10 5. from 4-5 to 50-60
3. 10 to 20 6. from 10-12 to 100-
4. 5-6 to 2O-30 per field; 150 per field and

here and there nidi of in Individual :Me3b
k5-30 bacteria nidi of several

teas to 100 List.
D. Spleen (number of Listeria In visual field)

1. from 0 to 1-2 on a flew fields
2. from 4-5 to 10 per field
3. from 0 to nidi of 20-25 bateria across l-e fields
4. from 15-20 to 40-50
5. 10-16 (in some preparations nidl of 50 each

aoross 2-3 fields)

3
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In oontrast to the hundred- and thousand-fold multipli-
cation of the pathogens uael as rodels in our preceding wor s
the pace of multiplication here at the same temperature (28
0) in slower and for this reason the nu.ber of T-iSteria that
haie reproduced is smaller.

Table 2

RATE AND EXTULNT OF POST%RTAI LULTIPLICATION OF
Listeris monocytogenes AT 160 0 ON THE BkSIS OF

FIND]EGS iUrCARCASSES CF FIVE CMJINZA PIGS

-- ; .... PHp%* a c~puwva 1 '4,1wpe 4* D LA

C •-- 18 caea ("CANA Ascep.Pit, (6FO1 a aarap%( T4 P .. spO.vAvee (6p1 0a Actepmo't me apff"a r
4I n Ap r1 #Q)" oa)

1 Momenr no - ot 0 mo 4-5 Hj 3pNTeaW 3QT 3-4 npej noe Ao 20-25 I
ctbprra noWe lla 3Pte.1Ho roAe"

2 5 q. - IO-12-15 5-12
3 9 q. I Ao7 -9npes oT 0 Ao 10--I5 Jot 7-- HI no-.e o 20-0

NAOR O n 6" : kepitp i a rmatew

24q. - oT 10 to 18-20ma noe(tylor 10-15 Ao 70-80
3- TAai NA rpD [u no 10-15)

10T eA"HHHN AO 100--130 Halo? 50--60 o 200-300

6 48 Y. ro 2-3 npe3HR., o 20-30 to 70--80 faet no 40--. TyZ-TS AO.
o.OKo noMeTJ IHuTpynaIHC r wooxecTllO Ot-

tepmx na note

Keys (by columns):
A, TI.-e after death

1. Moment of death 4. 24 hours
2. 5 hours 5, 36 hours
3. 9 hours 6. 48 hours

B. Blood from heart (narber of Listeria on visual field)
3. from 1 to 7-9 across eeveer fiel=ds
6. 2-3 across several fields

0. Liver'(number of Listeria on visual field)
1. from 0 to 4-5 on v'iual field
3. from 0 to 10-15
4. from 10 to 18-20 on field (here and tjite in nidi

of 0-
5. fnom scattered ones to 100-130 on field
6. from 20-30 to 70-80

D. Spleen (number of Listeria on vie,.Al field)
1. from 3-4 aoross field to 20-26 on visual field
3. from 7-8 oL.* field to 20-30 bacteria in nidi
4. from 10-16 to 70-80
5. from 50-60 • - ZOO-300
6. Nidi of 40-50, here and thdre prior to aooumula-

tion of a great number of boeeAria on field

4
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Table 3

RATE AND EXTNT CwF POSTM(RTAL MIUTIPLICATION OF
IAisteria munooytorenze AT 0 -- 4 C ON BASIS OF

FINLUI'GS InCARCA3SJ3s OF SIX GUIDMA PIGS

A Bf: : rr (pnl .I ao PUaTo I C | pC. A56 D 9.

* " - 'T L' 11ASe r ) flOM - -)A C1i .voe, .06 O -84L.7MP 43Me@0 ( p*" - .1 oI#O

1 Noeat 0 OT 1 -2 to 3 (NI HIkOAkO nO- -2 Ao AeCe l AH (I eAMH fnp-
CWbVtT .ieva 1O 8-10 -12) napiT O,,H,•e c 25-30 AiC

I m a rale)

5 4. 0 3 -5 Ipet nlOte 3-5

3 9 .0 10-12-25 (pi rmewj no 15 5-15

4 24 i. 0-1 15-20 (m& rwens no 35 40) 10-25 to 30

5 36 a. 0 10--15-20 16-JO Ao 35 rpe3 Jp"TARO

'nome

6 48 q. 0-1-2 15-18-20 -

7 72.e. 0-2 50-40 (1 CAsN *PUoIIOCtN 40-50
CU NSA 80)

Keys (by columns):
A. Time after death

1. Moment of death 6. 36 hours
2,. 5 hours 6. 48 hours
3. 9 hours 7. 72 hours
4. 24 ho urs

B. Blood from heart (number of Listeria on visual field)
0. Liver (nariber of Listeria on visua.field)

1. fror 1-2 to 3 (on B ei ral fl.lde 8-10-12)
2. 3-5 across field
Z. 10-12-25 (in nidi of 15-30)
4. 15-20 (in nidi of 3b-40)
7. 50-60 (in one blood vessel in exoee of 80)

D. Spleen '(number of Listeria on visual field)
1. 1-2 to 10 (in one prepertion foous with 25-30

Listeria on field
4. TOT-T 3o
5. 10-30 to 35 acrose visual flald



The results of the second Group of experiments, conduct-
ad at a tenpornture of 160 C, are set forth in Table 2. At
this temperature, too, the results :f the analysis of blood
smours are negative rlth the exception of findings at the 9th
and 46th hour where isnlated bacteria are encountered across
a few visual fieldu.

-. % fi-''-. in the liver and spleen at this lower
temperature show no significant aiieirtiotio Li tie ob-
served in the irst group of experiments. In contrast to the
ocnsiderable retardation in the tempo of multiplioation with
the reduction of temperature observed in the case of Peet,
p seudotuberculosis, Eygs rhusio4ethiae and Bat.p yocyaneum,
here thi phenomenon is not observed to be so clearly pro-
nou.nced, Even in the case of smears at the 36th and 48th hour
ten-fold and greater multiplication of the Listera is ob-
served.

The results of the third group of experinents, conduct-
ed at a temperature of from 0 to 40 C, rre g.'in in Table 3.
The data of miorsoopin findings In blood wea;-s as well as in
liver end spleen preparati is show rdite clearly that the post-
mortal multiplication of L ,terla at refrigerating tenperature
proceeds considerably more T y in comparison with the find-
ing In the first two experimental groups at 28 and 160 C. It
must be mentioned that the number of Listerna in the liver and
spleen preparations Tiade at the 72nd hurialready conaider-
able and equals the number of bacteria by the 36Uth-48th hour
at a temperature of l6a C. This is the result of comparatively
more rapid postmortal nultiplication of Listeria after the
second 24-hour period.

In the third group of experiments tne data from blood
smears likew.e coincide, especially dr'nin,- the later h ...
v ith the results obtained In the first two groups of experi-
ments. Consequently the antibacterial titer of the blood
relative to List. monocytogenes is comparatively higher and
oanuet easily and quickly be overcome regardless of the con-
siderable 4ifferences in temperature during the different
groups of exp~rimente.

Nor, it must be noted, -- just like our observations
in the case of Past. pseudotuberoulosis and Baet. ,y004neUr
[2, 4), -- is any multiplication Or septic miroriora Ob-
served here as a coaunterbalance to that which was ascertained
in the case Of Bryns rhusioathise [3) -- euuberant multipli-
cation of a large number of baoterial species penetrating Into
the blood and tissues of the digestive tract.

6
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Table 4

VARIATIONS IN VIRIULIWCE OF Listaia e o.ooytog -
enes IN CARCASSES OF GUINEA PIGS KIT AT VARI-
M"TMrRTM uRES (INITIAL VIRUleNCE OF STRAINS

" I°-2 -4C

Meue"T Pis (,4-,p74 5 1O-4 5 10- A  
! .;0-d5i 10 510106

I0 . - 3. 10- O-8

24. 3. 10 10- 'b .10-s36 .3. t0-6- 10 s
£ 48. 101 3.10- 1  5.10 - 3

Keys (by oolmns)

A. Time after death
1. Moment of death
2. 5 houirs
3. .0 hours
4. 24 hours
5. 36 hours
6. 48 hours

B. Temperature at which oaroasses wyere impt

T-_ Ia 4 rganerallzcG the titration reilte Off ohanres
in the virulence of Listeria mLnogytogenes in the oarcasses
of guinea pigs that died afte experimental inooulation, kept
at different tempwatures. Fro-, the data for a temperature of

80 C It can .be seen that at the mo ont of death virulence
ose 60-fold in comparison v:ith initial temperatufe. At the

5th hour it had risen 300-fold, to reach an inorease of over
10,000-fold at the 24th hour, at which level It remained until
the 36th hours. Thereafter, at the 48th ho=, it fell sharply
(hardly 30 ti-es higher than initial temperature).

At a temperature of 160 C, virulence at the moment of
death, just as above, rose 60-fold in oomparison with initial
virulnoe. Thereafter it showed a tendency towards a marked
rise, motnting 600-fold at the Fth hour, 1000-fold at the 10th
hour and attaining its maximum of 3000-fold at the 4th hour.
Regardless of its considerable drop at the 48th hour, it re-
mains 10 times greater than initial virulenoe.
17
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As can be seen from the results given far a temperature
from 0 to 4 C, the virulence uf Listeri. wunovtoenes at this
tomperature Inorunseou more ulosy durirj tho first 24-hour po-
riod (600-fold at thbe 24th hour), ruochintj its maximum increase
Of 3000-fold at the 36ti, hoar after death. At the 48th hour
it drops to almost initial virulence.

Comprison of the data from the above three experiments
reveals that the n.Lvr-ne in virulenue of Listerla mo.oo4ogenes
in the carcasses proceeds muut rapidly uEd ruaches t 1ke higiest
level at a temperature of 28 0. At a tempera tare of 160 C
and at a temperature from 0 to 40 0 virulence attains the same
maximum of 3000-fold, but this rice at temperature 0-40 C is
slower urid Ia reached a little later, at the .6th hour after
death.

In this regard List, mcnoc togene proves similar to
Past, pze'dotuberqulosie 12J and 7differe signifioantly from
the systematically more akin ys, rhuslopothiae, in whose
oase the tempera ture deorcase'has a sarp effect on the ex-
tent t whioh its virulenoe rises in the carcasses after death.

like a few of the septicemio agents studied by us
earlier [2, ., 4], Listeria .nonoeytogenes aluo manifests a
well-pronounced capacity, as can be seen frun the facts set
forth above, to multiply in the carcasses of dead ani-ls at
a temperature from 0-4 0 C. This fact, juj3t as the fact that
the virulence of Listeria monocto-enes at this temperature
attains, albeit more slowly, the sts evel as at a temparatire
of 160 C (up to 3000-fold in comparison with initial virulence),
is of extraordinarily great significance and shc-,a that in the
case of liateriosis too carcasses huve a most important role
as a reservoir and a very dangerous source of iafeutious out-
break,

All these data, ascertained during our research on the
ynltipli,.ion and virulence of Lioteria in the organism of
infected animals and especially intheir carcasses, place
listeriosis in an entirely new light from the viewpoint of
epizootlology and epidemiology and, above all, from the view-
point of the doctrine of the natural focus of infoctious din-
eases.

Oonolusione

On the bas of the experiments here conducted the fol-
lowing oonclusions can be drawn:

1. Parallel with the ooourrenoe of oomparstively more



rntiderate postrnirta' -ultiplicationl of' Liut,3rie "~rncyturaots
ill the tiSsues Of on i-als that have diridofxpioTEIe
turicsio, there tahos place aluo a very 1weat Increuoe in the
virulence of t-ile r-icrobo, In contrat to Ltu tiosac3, no
irultipliontion of lioturia Is ob;)arvod in Uhe bleod.

8~The different twparaturea have Tnore influerico on
the rats at which poutmortul multiplication t8W3 PlaCO t~lin
on the numiber of bacteria. At 280 C the nu-rbur of Listensa
increase 100-fold by the 4tith hour, at a tomrper2turucTT-r C
~30- to 40-fold by taie 48th hour, while fit rufrige: aEtin' tu-n-

peratue the Is- level is barely reauhed by the '7nd hcux.

35. The Intensification of the virulence of Listerin
rnooy t L~nea whichl takes plao sirultaneously with j
putmotaT mltiplioation io likewise not directly dependent
on tevnperatuare changes At 250 C It reaches ite mraxiru- by
the n4th to .36th hour (1C,000-fold In co~parinon vaith initial
virulence), while at. a temperature of 16 C the Increase In
virualeaice reaches a Trx-aqof ;5,00U-fold at thou L4th hour.
At a te'mperettuxe of C-PA- 0 t.ne rise of virulence takes plae
mnore slowly, and this su-e maximuwr Is hardly r-aached at the
36th hou.

4. Thu g-at differencee registered betw~een pa853Le
virulence (du ing- the d icouso ) and postmortel virulence of
Listeria mrlooytojones empha~izos the great role of carcasses
of an3imrals that have died frorni listeni~sis frcm tie viewpoint
of epizootiology, epideniolo& and the dootrine of te notural
focus of infeotious diaeasu8.
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Follow-up studies were made of the multiplication and
virulence of Listeris monocytogenes in the orcaniem of experli-
mentally inoculated gaiea pigs a d in their carcasses after
death.

On the baais of. these experiments it was established
that simulteneouRly with a co-parat;.vely rnoderate postrortal
multiplication of Listeria mono cytofenes in th, tissues there
takes place as wall an extraordinary intensifl ation of its
virulenca. No multillication ie observod in the blood of ex-
perlmental animals, It is noted that tenrperature changes af-
feet the rate at which rTultipication takes place and viru-
lence inoreases aftuer death. The increase of virulence in the
carcass takes placo in the following order: at 280 C 10,000-
fold by the 24t.-36th hour; at 180 C 3,000-fold by the 24th
hour; and at 0-40 0 3,000-fold by the 36th hour.

The slight increase in virulence during the disease (up
to 60-fold in co0erie, n with initial virulenoe) and the sharp
rise after death aup to 10,000-fold) emphaeilze the important
role of oaroaceee os a signifioantly more dangerous reservoir
and source of infectious outbreak than the organism of animals
suffeing from listerlosis, .
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